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SUSY particle production

LHC: predominantly colored SUSY particles produced

e pair production of gluinos and squarks
proceeds via strong interaction
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e cross section depend essentially on final state masses



Experimental searches for squarks and gluinos:
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LO contributions to squark pair production (QCD tree level)

Kane,Levellle '82; Harrison, Llewellyn Smith '83; Reya, Roy '85;
Dawson, Eichten Quigg '85, Baer, Tata '85

e O(a?): - gg production
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e stops & sbottoms: L—R mixing cannot be neglected; exp. distinguishable
e top-squark pair production is diagonal at LO




Important higher order effects due to QCD corrections:
[Beenakker, Hopker, Spira, Zerwas '95 &’97] &
[Beenakker, Kramer, Plehn, Spira, Zerwas ’98]

: — PROSPINO, also for gq, gg
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NNLO for squark production, dominant soft corrections

Kulesza et al. 2008/09; Langenfeld, Moch 2009; Beneke et al. 2009;
Beenakker et al. 2011
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— Improved theoretical prediction

— reduction of scale uncertainty

NNLO QCD contributions
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electroweak contributions



EW tree level contributions to squark pair production
Bornhauser,Drees, Dreiner, Kim 2007
Bozzi, Fuks, Herrmann, Klasen 2007

e O(a?): pure EW tree-level contributions (tt*, §G*, g prod.)
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new production channel: WH, Kollar, Trenkel 2007
WH, Mirabella 2008

e O(asa) : photon induced processes
2
U - ,f s
Y Mo e NV
N L P \, ? :\ + />< +
\ | 4 \\ 1,7 AN |

T T 1T \‘ T T T T T 1T t;
MRST 2004 QEDj
Q2= (500 GeV)? -
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0O (c?a): NLO EW contributions  (tt*, Gq¢*)
WH, Kollar, Mirabella, Trenkel 07,08
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+ real photon, gluon, and quark radiation



IR divergences canceled by real photon and gluon bremsstrahlung

e soft divergent diagrams and soft photon bremsstrahlung
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0O(a) :

@ QCD tree x 1-loop amplitude O(asa), e.g.
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NLO EW contributions for g production (+ ¢, b)
Germer, WH, Mirabella, Trenkel 2010
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0O (a2a) : NLO EW contributions for bb*, bb production
Germer, WH, Mirabella 2011
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Status of higher-order corrections for all squark and gluino production processes.

a2 a2 NLL NNLO o* asa oa2a #
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= GG, v v v v oV v 8
v Gady vV v X v v x 28
o A A x v v v 36
S b,br v vV X oo v 2
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# = number of parton processes



Renormalization

@ quarks, squarks, gluino — renormalized on-shell
Treat LH down-type squark as dependent quantity.

@ (s)bottom sector — take mgs, mPR, APR as independent quantities.
2

tan 3 enhanced contributions resummed.

@ as — MS with five flavors (same definition as in pdf)

= add finite parts to the counterterm to exclude the effects of
heavy particles.
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Caution with g (scalar strong coupling — qgg vertex):

@ SUSY demands g; = g, but MS spoils SUSY.
@ Add symmetry restoring counterterm:
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@ IR singularities:
@ Cancel after combining virtual and real corrections.

[Methods: mass regularization & phase space slicing;
gluonic corrections: color correlations in EW-QCD interferences.]

@ Collinear singularities:

@ Real photon and gluon bremsstrahlung.
o Factorization and redefinition of the PDFs at O (as) and O («).



EW contributions are chirality/flavour dependent

(xsection in pb, SPS1a’)
ﬁRﬁR* ,&LaL* CZLCZL* 5L5L*
O(a?) | (36.83+£0.03)-1072 | (31.314+0.01)-1072 | (25.894+0.01)-1072 | (22.6540.01) - 1072
O(asa) | (=9.0040.01)-1073 | (=3.5440.01)-10"2 | (—3.83£0.01)-1072 | (2.82+0.01)-1073
O(a?) | (24240.01)-1073 | (2.3940.01)-1072 | (3.20+£0.01)-1072 | (2.11£0.01)-1073
O(a2a) | (=3.0940.05)-1072 | (—=1.05+£0.01)-1072 | (—7.82£0.07)-1073 | ( 5.89£0.01)-1073
§(%) —2.6 ~7.0 —5.5 4.8

and fairly model dependent (example: uyu7 )
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@ Squark—Squark production:
o Squarks of the same flavor (#12),

PP — UQUB, d dg, CaCB, SaS[g, {&B}:{LL, RR, LR}.

@ Squarks belonging to the same SU(2) doublet (#8),
PP — iinds, €33, {aB} = {LL, RR, LR, RL}.
o Squarks in different SU(2) doublets (#16),

PP — uaC5, UQSB, d C[g, d 55, {OAB}:{LL, RR, LR, RL}.

@ QCD tree x 1-loop amplitude O(asa), e.g.

Box CcT CT

@ EW tree x 1-loop amplitude O(a?), e.g.
o ) . .- e O(O‘esi) 77777
o x ; + B} + & +E o+
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real NLO contributions O(a?a)

Photon bremsstrahlung |

Gluon bremsstrahlung

Gluon splitting
(real quark radiation)




Total cross section [fb]

SPS1a’ O.Born Agtree EW AO‘NLO EW 5EW
14 TeV  O(a?) O(asa+a?) O(a2a)

oG, 1718 379 —75 17.7 %
Griy 1982 32 2 1.5 %
qui, 1744 3 —71 ~3.9%
Gd’ 5443 413 147 4.9 %

[ma ~ 560 GGV]

@ Large cross section due to
— high squark multiplicity.
— initial state valence quarks.
@ 6"W strongly chirality-dependent.

@ EW contributions largest for g, g, production.

— Large contribution of O(asa).
— Partially canceled by NLO EW contributions of O(aZa).



Born tree EW NLO EW
SPSial g Ao Ao stree EW  sNLO EW SEW

O(a?)  O(asa+a?) O(a?a)

dpiy  486.8(3) 93.78(5) —30.5(2) 1927 %  —6.26 %  13.00 %
drd; 143.83(8) 29.18(2) —9.85(6) 2029 % —6.85% 1344 %
ardy  692.6(7) 234.8(2) —9.5(6) 3390 % —138% 3252 %
arsp  211.3(2) 17.95(3) —8.53(1) 850 % —4.04%  4.46 %
arép  102.96(8)  1.864(2) —8.885(7) 1.81 % —863% —6.82%
dr3r,  80.19(6) 1.390(2) —7.526(4) 1.73%  —939% —7.65 %
@riip  537.1(4) 28.58(2) —4.44(8) 532%  —0.83 %  4.49 %
drdr  173.1(1) 2.414(2) —0.318(7) 139 %  —018% 121 %
ardr  799.1(6)  0.4458(8) 3.41(3)  0.06 % 043 % 048 %
@rSr  253.0(2)  0.1276(2) 1.36(1)  0.05 % 054 %  0.59 %
irér 118.95(9)  0.2365(4) —1.337(8) 020%  —1.12% —0.93 %
drsr 100.65(8)  0.0126(1) —0.281(2) 001 % —028% —0.27%
apiip  629.7(4) 1.288(1) —26.41(4)  020%  —419% —3.99 %
drdr 165.49(9)  0.0792(1) —~7.027(4)  0.05%  —425% —4.20%
ardr  328.5(2)  0.1720(1) —~12.30(1)  0.05%  —3.75% —3.69%
dagpdr  321.4(2)  0.6026(6) ~1381(2)  0.19%  —430% —411%
arsr  82.26(4)  0.0450(1) —2.809(3)  0.05%  —342% —3.36%
@rSr  79.90(4)  0.1556(1) ~3.167(4) 019%  -3.96% 377 %
@rér  38.08(2)  0.0832(1) ~1.388(2)  022%  —-3.65% —3.43%
@rEr  38.08(2)  0.0832(1) —~1.388(2)  022%  —3.65% —3.44%
drsr  30.24(2)  0.0149(1) —~1.2015(9)  0.05%  —397% —3.92%
dr5r  30.24(2)  0.0149(1) —~1.2015(9)  0.05%  —397% —3.92%
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PP — {4141, drdr, trdr,
400

380
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@ MRST2001L0 for
@ MRST2004QED for NLO EW.
@ MRST2004NLO for NLO EW.

PDF set used:

LO EW.

@ 1r dependence reduced @ NLO EW.

@ For p = mz/2: LO EW contribution overestimated.
— NLO EW corrections needed!

@ 1r dependence mild @ NLO EW.
QED evolution of the PDF not important.
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SPS1a’ scenario: mg ~ 560 GeV



@ Sbhottom—(anti-)Sbottom production:
o Chirality diagonal bb™ production (#2):
PP — b.b}, byb;.
o Chirality non-diagonal bb* production + bb production (#5).
PP — bib;, byby,
PP — byb:, byby, bibs.
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Conclusions

Squark and gluino production are the important channels
for SUSY search at the LHC

QCD corrections are known at NLO and partially also at
NNLO,
significant in size and for stable predictions

EW contributions of similar size as NNLO QCD,
NLO contributions reduce scale uncertainty considerably

EW contributions strongly depend on flavor and chirality,
many different parton processes to be treated indivually,

few percent in inclusive guantites, but larger in
distributions



® EW contributions modify distributions,
no global K-factor

o fully flexible code is available



® EW contributions modify distributions,
no global K-factor

o fully flexible code is available

Many thanks to my collaborators

Jan Germer, Edoardo Mirabella, Maike Trenkel !



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

